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Experimental Study on Evaporation and Crystallization of Brine Droplets
and Development of Its Reaction Engineering Approach Model
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Abstract: To establish a droplet evaporation model for the numerical simulation of brine spray
evaporation, the evaporation and crystallization processes of brine droplets were investigated.
Firstly, a single droplet evaporation visualization experimental platform was built to simultane-
ously measure the variations in droplet mass, temperature, particle size and morphology during
the evaporation. Based on the flow-induced vibration characteristics of the droplet suspension de-
vice, the low-pass filtering method was proposed to eliminate the influence of vibration signals on
mass measurement. Secondly, the evaporation experiment using 10% NaCl droplet was carried
out to investigate the influence of the salt crystallization process on the droplet temperature, par-
ticle size and evaporation rate. Finally, based on the experimental data, the droplet’s relative ac-
tivation energy and dimensionless particle size as a function of the dry basis water content were
calculated to establish the reaction engineering approach model. A maximum deviation of less
than 8% was observed in the numerical validation. The experimental platform can provide an im-

portant reference for mass variation measurement during the drying of droplets with precipitate.
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The proposed reaction engineering approach model can be applied in the high-efficiency numerical

simulation of the spray drying of NaCl solution.

Keywords: brine droplet; evaporation and crystallization; spray drying; reaction engineering approach
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Fig. 1 Schematic diagram of heat and mass
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transfer during droplet evaporation
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droplet evaporation
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Fig. 4 Schematic diagram of the droplet hanging device
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Fig. 5 Droplet pictures taken from the front and side cameras

MR A AN 55 9 22 1o B2 W F Pl o ot £ 722 b ) Dt B
VBT oLt . E S I O R T 6 VR B R Y
AT O RIMEATHRE . WE TR m BEIR R AP 1
AL R B AR R A (R? = 0.999), #ARW T

m = 111. 59AP ®

SRR S AR O O RO AR, B e
B RPN bR v 5 BE L AR Jn % AE Ak 1 48 78 1 9 1 1m 1
15N L kR B 7 5 1) 2R AT e A R 43 . A5 30 R
Sk AR, T A B A R 25 ) B 5 2 T TR
T B AR5 80 %) A Sk R R, BRIV 1 S B AR AL, A
T KA W B4R

VT L FE RN A 85 IR BE 4 R A ) (Omega
CHAL-002) Il & , 28 ¥ £ 7% 2% £ (Omega DRST-
UN) FI3R 4+ (ART USB3103A) £ i 31| H, il i 3
PRAF o AS SR AR S8 S 80UBR 5 BV VR P9 0 3 B 43
Afi b b AH A DI B SR R 2L B, AT S

A A R AR SRR
RO I ERE RN 0. 09 /NTF 0. 1, BRIV

http: // zkxb. xjtu. edu. cn

T PN PR Tl BB 3 A I AL 5 DRI b A b 00 O A TR
T PN P AR XA 8 5% D0 30 235 % 1) 5% i ] LA 2 AN T
2.3 XWHE

5% & PR, VR B HE 2 B AR RO AE R PR30
Xof VLT 7% R Ao R v 1 O A S R L PR U, AR
SCE S X R Ak e I U BOHR Bh AR R R AT A Y
3 o R L A g B i 6 A AT T T
BT RGR B 0 R M . B S L R A AR B Y
Jo {7 5 IR AT D8 U, X6 E AN [R] I U A T g
BB I PEA 3 IR P

TE LR 43 B i 5 AL _E X ) 36 TR A B0 10%
(9 NaCl ¥ W E 1T B0 75 & S5 3, 15 3K [\ ) be
B T WO 7% 2 ok A v 5 AL LR RIDRL AR 11 A% 1R 4
T, i ST R R NaCl 5 00 78 & i #2 1Y REA
TR, I 0000 0 2% i ok A L L 5 o R P TR
LA AL, SC86 TR B WL 1.

A1 BREAKXLFHRINRE

Table 1 Schemes of the experiment for droplet evaporation

E 2 HAH
Bz /C 40
B/ % 6
BEWEE/(mes™) 0.22
R I TR AL Y6 10
U T R PR R/ L 1.9.2.3

2.4 EWIRESW

SR R B ST I R Ay BE (R 0. 1 mg
A HE, K (Sartorius BSA124S) , k5 i Ta B 7Y I &
KA BEAE R 0. 02 mm B IEAR R IR A HL > 3R R
498. 32 {8 F /mm. [ & 5 AR H A A L 4 R
R R A, RARN o = AP, K o Fhx
SEFRE AP ORI BEEEXT N IR K 25, i AR
I AN E R S TR

v [ SR an
XA 0 8 M SCAP) 433 i A AR AR e R
B A ) e B IO A5 3 22 1 R
Xt KA AT RS S L A5 E A IR R
+0.2°C, &S50 1 AR E R 2 B,
k2 BRHNENRAHEE

Table 2 Uncertainty of each parameter measurement

ZH AT E B/ Y6
Pigi 2.55
HEZ 0.51
1 B2 0.50




'

[ENS

St

PN

EE N #5718

3 LIRS

SE RERI BB

P 6 FIET 7 Sh JG R A& I S50 4 5ok
AR AR o ARGE 98 I AR B A R R
AE SRR 2 X b . /6 AT Ol i T D0 2
FEIN B A A S A U AR T RO ) R
B, TS B BW0R E A £0. 1 mg IR 22 T
Py & RGN RE (RN 2=

0.15

3.1

— AR —£=050 — £=0.10 — £=001

0.10

=EO 0.05

=

|

- \f\”\/\v\
-0.05 M V
\
-0.10 : s . )
0 50 100 150 200
i) /s
P06 A [l A0 03 g 0t AT U 5k 5 5 X L

Fig. 6 Mass data before and after filtering for different

cut-off frequency
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Fig. 7 Amplitude-frequency characteristic curves before and

after filtering for different cut-off frequency
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Fig. 8 Mass data before and after filtering for different

initial mass droplets
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Fig. 11 Variation of droplet mass and evaporation rate during

evaporation for different initial volume droplets

http: // zkxb. xjtu. edu. cn

Fig. 12 Variation of evaporation rate per unit surface area

during evaporation for different initial volume droplets
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initial volume droplets
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